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Sunday, February 26, 2012 119achannel function using planar lipid bilayers (PLBs) and integrity using analyt-
ical size exclusion chromatography (A-SEC) in the detergent-solubilized state.
We also examined receptor mobility on the lipidic cubic phase (LCP) by mea-
suring nAChR mobile fraction and diffusion coefficient through fluorescence
recovery after photobleaching (FRAP) experiments using lipid-analog and
non-lipid-analog detergents. Our results show that it is possible to isolate stable
and functional nAChRs using lipid-analog detergents, with characteristic ion
channel currents in PLBs and minimal aggregation as observed in A-SEC. Fur-
thermore, fractional mobility and diffusion coefficient values observed in
FRAP experiments were similar to the values observed for these parameters
in the recently LCP-crystallized ß2-adrenergic receptor. The overall results
show that phospholipid-analog detergents with 16 carbon acyl-chains support
nAChR integrity, functionality, and LCP mobility.
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General anaesthetics have enjoyed long and widespread use but their molecular
mechanism of action remains poorly understood. There is good evidence that
their principal targets are pentameric ligand-gated ion channels (pLGICs) such
as inhibitory GABAA (g-aminobutyric acid) receptors and excitatory nicotinic
acetylcholine receptors, which are respectively potentiated and inhibited by
general anaesthetics. The bacterial homologue from Gloeobacter violaceus
(GLIC), whose X-ray structure was recently solved, is also sensitive to clinical
concentrations of general anaesthetics. Here we describe the crystal structures of
the complexes propofol/GLIC and desflurane/GLIC. These reveal a common
general-anaesthetic binding site, which pre-exists in the apo-structure in the
upper part of the transmembrane domain of each protomer. Both molecules
establish van der Waals interactions with the protein; propofol binds at the
entranceof the cavitywhereas the smaller,more flexible, desfluranebinds deeper
inside. Mutations of some amino acids lining the binding site profoundly alter
the ionic response ofGLIC to protons, and affect its general-anaesthetic pharma-
cology. Molecular dynamics simulations, performed on the wild type and two
GLIC mutants, highlight differences in mobility of propofol in its binding site
and help to explain these effects. These data provide a novel structural frame-
work for the design of general anaesthetics and of allosteric modulators of brain
pLGICs.
NuryH,VanRenterghemC,WengY,TranA,DufresneV,BaadenM,Changeux
JP, Sonner JM, Delarue M, Corringer PJ. Nature 469, 428-431 (2011).
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Nicotinic acetylcholine receptors (AChRs) open rarely in the absence of agonists
but many different mutations substantially increase the unliganded gating equilib-
rium constant (the ‘allosteric’ constant, E0). In the adult mouse neuromuscular
AChR a single mutation, ‘Special character’ A96H (in both ‘Special character’
subunits), increased E0 by >10
5-fold and caused spontaneous openings to occur
in clusters arising from individual receptors. We measured E0 for three different
sets of mutant combinations and by extrapolation estimated E0 for wild type
AChRs. The estimates were E0
wt=6.0x107 and 7.4 x 107 in adult-type AChRs
and 4.3x107 in fetal-type AChRs (100 mV, 23 oC). The adult value is in excel-
lent agreement with one obtained previously by using a completely different
method (6.6x107, from monoliganded gating). We found that E0
wt decreased e-
fold with a ~58 mV depolarization, and that Naþ and Kþ in the extracellular solu-
tion had no effect on E0. However, Cs
þ acted as a very weak ‘partial’ agonist. The
results are discussed with regard to the energetics of receptor activation and the
competitive antagonism of ions with regard to agonist binding.
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Germany, 5MPI for Experimental Medicine, Go¨ttingen, Germany.a-Conotoxins are nAChR antagonists with high subtype selectivity. Several
potent a3b2 nAChR-selective a-contoxins have been identified. However,
most characterized a-conotoxins show no or only weak affinity for the a4b2
nAChR subtype. In this study, we constructed homology models of a3b2 and
a4b2 ligand binding domains and substituted selected amino acid residues in
the a4 subunit by the respective residues in the a3 subunit to identify the
determinants of subtype selectivity. Characterization of these mutants by
two-electrode voltage-clamp analysis identified two mutants, a4R185I and
a4P195Q, that exhibited increased affinity for several a-conotoxins. Replace-
ment of a4R185 by alanine or glutamate but not by lysine also increased a-con-
otoxin affinity, indicating that a positive charge in this position interferes with
a-conotoxin binding. Docking studies and molecular dynamic simulations
supported our findings and further demonstrated that residues R185 and P195
inhibit a close contact of the C-loop with a-conotoxins and thus prevent high
affinity binding.
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The magnitude of an agonist-induced response depends on both the intrinsic
tendency of the unliganded receptor to open and the amount of agonist binding
energy realized in the channel-opening process. It is easy to make mouse neu-
romuscular acetylcholine receptors (AChRs) open in the absence of agonist by
making a small number of mutations (cell attached, HEK cells, 100 mV).
However, the single-channel, unliganded gating kinetics for an individual
AChR is complex and show multiple closed and open components (3C, 2O).
We have found that many perturbations (in the vicinity of the transmitter bind-
ing site) increase or decrease this complexity. Mutations at positions aA96,
aG153, aF189, or εP121(dP123) increase the probability of longer openings,
as does the presence of extracellular Csþ. Agonists and most mutations at po-
sitions aY93, aG147, aW149, aY190 or aY198 greatly reduce these events.
We compared log-likelihood values for all possible 3C-2O kinetic schemes
(without cycles) and found that four of these consistently produced
equivalently-high scores. However, only some were able to reproduce the rapid
rising phase of the synaptic response apparent under normal physiological con-
ditions. Although we as yet do not have an understanding of the structural
basis for the kinetic complexity, the results suggest that without ligands there
is a conformational flexibility at the binding site that is absent with ligands.
The malleability of unliganded gating kinetics further suggests that many
binding site residues can influence this flexibility. Supported by NS-23513
and NS-64969.
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Nicotinic acetylcholine receptor-channels (AChRs) are allosteric proteins that
isomerize between a non-conducting/low-affinity and a conducting/high-
affinity conformation. Each neuromuscular AChR has two transmitter binding
sites located at the interface between adjacent subunits (a
ε
or ad.We studied the
gating properties of AChRs with mutations at the vicinal prolines located at
these interfaces. In both cases, mutations of the N-terminal residue had little
effect but those of the C-terminal residue (εP121 or dP123) decreased substan-
tially the open channel probability (500 mM ACh). We estimated the unli-
ganded (E0) and diliganded (E2) gating equilibrium constants for mutations
of these two prolines from single-channel currents (30 mM ACh, þ100mV).
All of the tested substitutions decreased both gating constants. The slope of
the rate-equilibrium plot (F)for εP121/dP123 was ~0.96 (diliganded) and
~0.70 (unliganded). Some of the mutations caused a large decrease in the
closed/open equilibrium dissociation constant ratio for ACh (lACh) while
others had more modest effects. Probing the effects of εP121 and dP123 muta-
tions should allow an estimation of the binding and gating properties of each of
the two transmitter binding sites, separately.
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For many years drug action on membrane receptors has been conceptualized as
occurring in two distinct steps, initially termed ‘affinity’ and ‘intrinsic activity’.
In ligand-gated ion channels these stages of activation are called ‘binding’ and
‘gating’. Single-channel kinetic analysis of adult-type mouse neuromuscular
120a Sunday, February 26, 2012acetylcholine receptor-channels (AChRs) indicates that a conformational
change in the protein is an essential part of the ligand association process,
and that this structural rearrangement shares a commonmechanism with the en-
suing low-to-high affinity transformation of the binding site that triggers
channel-gating. The energy source for gating is the change in affinity for the
agonist. We find that in AChRs there is a close correlation between the low-
and high-affinity equilibrium association constants. This indicates that agonist
association and the low-to-high affinity-change that powers gating are linked
processes that reflect a single, integrated ‘catch-and-hold’ structural adaptation
of the protein to the ligand. The slope of the correlation, kappa, is an index of
the relative position in this reaction co-ordinate, which occurs in the initial
stages of the gating isomerization. Residue GlyB2 changes energy (‘moves’)
early in the process (k=0.85), before the agonist and four a-subunit aromatic
amino acids (kz0.5). In 1957 del Castillo and Katz separated binding and gat-
ing. The results suggest that they are just different stages of a single reaction co-
ordinate.
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Nicotinic acetylcholine receptors (nAChR) are pentameric ligand-gated ion
channels found throughout the central and peripheral nervous systems. Neuro-
nal a4b2 receptors play a prominent role in nicotine addiction, and they exist
in two stoichiometries: (a4)2(b2)3 termed high affinity and (a4)3(b2)2 termed
low affinity. Herein, we evaluate several key drug-receptor binding interac-
tions of four agonists - ACh, nicotine, and the smoking cessation compounds
varenicline (Chantix) and cytisine (Tabex) - at both stoichiometries
of the a4b2 nAChR. Previous studies have established that unnatural
amino acid mutagenesis can probe the three key binding interactions at the
nAChR: a cation-p interaction, and two hydrogen bonding interactions to
the protein backbone of the receptor. We find that all drugs make a cation-
p interaction to TrpB (aW154) of the receptor. All drugs except ACh, which
lacks an NþH group, make a hydrogen bond to a backbone carbonyl, and ACh
and nicotine behave similarly in acting as a hydrogen bond acceptor. How-
ever, varenicline is not a hydrogen bond acceptor to the backbone NH that
interacts strongly with the other three compounds considered. In addition,
we see interesting variations in hydrogen bonding interactions with cytisine
that provide a rationalization for the stoichiometry selectivity seen with this
compound.605-Pos Board B391
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Several previous studies that explored tyrosine phosphorylation/dephos-
phorylation-involvement in functional upregulation of a7-nAChRs found
that genistein, a broad-spectrum inhibitor of protein tyrosine kinases (PTKs),
increased Ach-evoked a7-nAChR currents. Interpretation of genistein’s
effects as due to perturbation of tyrosine-phosphorylation processes is compli-
cated, however, by subsequent findings that genistein is a strong positive allo-
steric modulator (PAM) of a7-nAChRs. Our study asked if genistein’s
enhancement of a7-nAChRs currents is entirely attributable to PAM activity,
or if non-PAM effects contribute as well. We compared the effects of brief
(1 min) vs. extended (24 h) exposure of oocytes expressing a7-nAChRs to gen-
istein (100 mM), both 2 and 5 days following cRNA injections (2.0 ng). On day
2, the Ach-evoked (500 mM) peak currents for control cells, and cells exposed
for 1 min, or 24 h, to genistein were (mean 5 SEM, nA): 29.32 5 12.10
(n=24), 130.955 35.42 (n=22), and 3745 105.21 (n=8). On day 5, the com-
parable values were: 108.61 5 14.85 (n=10), 310.81 5 56.22 (n=9), and
605.00 5 128.03 nA (n=11). On day 2, 1 min genistein caused a 4.5 fold-
facilitation; 24 h exposure caused a 12.8 fold-facilitation. On day 5, 1 min gen-
istein caused a 2.4 fold-facilitation; 24 h genistein caused a 5.6 fold-facilitation.
Thus, genistein-enhancement of a7 currents varied inversely with the degree of
functional a7-nAChR expression, being greater for day 2 than 5. Genistein’s
effect on desensitization of a7-nAChR currents was also separable from facil-
itation. On day 2, genistein increased peak current without affecting desensiti-
zation. On day 5, genistein increased peak current and slowed desensitization.
Our results suggest that genistein’s enhancement of a7-nAChR currents is notentirely due to PAM effects, but involves other mechanisms too, particularly on
day 2.
Mechanosensitive Channels
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MscL channels preferentially cluster in bacterial cells in vivo [1]. Recently it
was shown that MscL channels also cluster when reconstituted into liposomes
suggesting that this phenomena is bilayer mediated [2]. Evidence was based on
atomic force microscopy, small angle neutron scattering, confocal microscopy
and patch clamp electrophysiology. However doubts remained as to whether or
not proteins were introduced into the liposomes as a cluster, or whether they in
fact self-assemble into clusters. In this study, we used FRET FLIM microscopy
to address this problem in more detail and compared clustering of MscL with
itself, MscS with itself, and MscL with MscS. Separate populations of MscL
and MscS channels were labeled; one population with an Alexa Fluor 488
FRET donor and the other with an Alexa Fluor 568 FRET acceptor. Samples
were reconstituted into the lipids separately and the 2 samples were allowed
to mix overnight. FLIM images of donor fluorescence in the mixed lipid-
protein samples were collected. Reduced donor fluorescence lifetimes, due to
FRET, indicated clustering between the 2 protein populations. Fast protein liq-
uid chromatography suggested that a portion of MscL and MscS proteins will
cluster and/or form higher order oligomers in detergent buffers. These fractions
were excluded from the FRET-FLIM experiments. We demonstrated that MscL
will self-assemble into clusters in liposomes, and also demonstrated that MscS
and MscL will co-cluster. However, there was no evidence for MscS clustering
with itself. Clustering of channels is of significance as channel activity is
thought to be modulated by neighboring proteins [2].
We acknowledge the NH&MRC (Grant 635525). E.D. acknowledges the UWA
convocation.
[1] Norman, C., et al. (2005)Eur Biophys J 34: 396-402.
[2] Grage, S.L., et al. (2011)Biophys J. 100: 1252-1260.
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The bacterial Mechanosensitive channel of large conductance, MscL, is one of
the best characterized mechanosensitive channels serving as a paradigm for
mechanosensitivity. MscL’s physiological role is that of an emergency release
valve that opens upon a sudden drop in the osmolarity of the environment. A
crystal structure of a closed state of MscL revealed that the protein exists as
a homopentamer, with each subunit consisting of two transmembrane domains
with both N and C-terminal domains cytoplasmic. Since the size of the open
pore is approximately 30A˚, massive structural changes have to occur upon
gating. There is consensus that the transmembrane helices move in an iris
like manner tilting in the plane of the membrane while gating, but little is
known about protein-protein interactions between the two cytoplasmic regions
adjacent to the transmembrane domains. The N-terminal amphipathic helix,
which lies along the membrane, and the cytoplasmic portion of TM2 and ad-
jacent regions are crucial for channel gating, and some residues are predicted
to be in close proximity in the crystal structure. Here we aim to determine
how these two regions interact in the channel complex, and to study how these
interactions may change as the channel opens. By using an in vivo disulfide
trapping approach, we have searched for specific protein-protein interactions
that occur in different states (closed, open and transition) of E. coli MscL
channel gating. We have screened 143 double-cysteine mutants for their effi-
ciency in disulfide bridging and generated a map of protein-protein interac-
tions between these two cytoplasmic regions. A set of interesting candidates
have been studied by patch clamp and show differences in channel activity
under different redox potentials.
